The Lauraceae family contains some 40 genera and over 2000 species world-wide, mostly from warm or tropical regions, especially Southeastern Asia and tropical America [1] . The plants in this family have various pharmacological properties and have been used in traditional medicine for thousands of years, and also provide economically important commodities such as essential oils. In our laboratory, considerable research has been carried out to identify bioactive extracts from plants from Monteverde, Costa Rica, including those of the Lauraceae [2] .
Nectandra membranacea (Sw.) Griseb. is a mediumsized tree up to 25 m tall and 70 cm in diameter; leaves alternate, simple, entire, mostly 10-18 cm long by 4-8 cm wide, narrowly lanceolate to elliptic, apex acuminate, 3-5 pairs of strongly ascending lateral veins, sparse pubescence on the veins below disappearing with age, lacking domatia; inflorescences axillary, 5-15 cm long; flowers greenwhite, opening to horizontal, 4-6 mm across; fruit cupule brown with lenticels, berry black when ripe, nearly globose, to 1 cm diameter. We are aware of no traditional use of this plant. The alkaloids apoglaziovine, isoboldine, and glaziovine have been previously identified in the leaves of N. membranacea [3] .
Bioactivity screening has indicated that the acetone extract of the bark of N. membranacea showed notable antifungal and antibacterial activity, as well as cytotoxicity against Hep G2 liver tumor and MDA-MB-231 breast tumor cell lines [2] . In this work, we present the isolation of ilicic acid, costic acid, and 3-isocostic acid from the bark of this tree. Also we present an analysis of the chemical composition of the essential oil of N. membranacea leaf.
The crude bark extract of N. membranacea was subjected to preparative flash column chromatography leading to isolation of three eudesmane sesquiterpenoids, ilicic acid, costic acid, and 3-isocostic acid.
The identities of these compounds were established by comparison of MS, 1 H and 13 C NMR spectral data with those reported in the literature [4] [5] [6] [7] [8] [9] [10] and were confirmed by detailed 2D experiments including COSY, NOESY, and HMBC experiments (supplementary data).
These three sesquiterpenes had been previously isolated from the Asteraceae [4] [5] [6] [7] [8] [9] [10] , but this is the first time that they have been isolated from the Lauraceae. It had been reported that ilicic acid exhibited weak cytotoxicity on KB, SK-MEL and A549 tumor cell lines, at the concentration of 20 µg/mL [6] , but no other significant biological activity has been reported for these compounds. In the present study, ilicic acid showed antibacterial activity against Staphylococcus aureus (MIC = 7.8 µg/mL) and weak activity against Bacillus cereus (MIC = 15.6 µg/mL), but did not show cytotoxic activity against the MDA-MB-231 (only 18.2% kill) or Hep G2 (0% kill) cell lines at 100 µg/mL. Ilicic acid was also inactive against Candida albicans (MIC = 312 µg/mL). Low isolated yields for costic acid and 3-isocostic acid precluded examination of their biological activities.
The chemical composition of N. membranacea leaf essential oil is presented in Table 1 . Forty-eight components were determined and identified by a GC-MS technique. The leaf oil is dominated by terpenoid hydrocarbons. The most abundant classes of compounds are monoterpenes (35.9%) and sesquiterpenes (57.9%), with smaller amounts of oxygenated monoterpenoids (1.9%) and sesquiterpenoids (4.3%). The major components are α-pinene (22.4%), δ-cadinene (14.1%), β-pinene (12.6%), α-copaene (12.5%), germacrene D (6.9%), α-humulene (5.6%), and β-caryophyllene (5.5%). Neither the leaf oil nor the major components showed either appreciable cytotoxic or antimicrobial activity in our assays. give 32.7 g crude extract [2] . N. membranacea leaves were collected from the same individual plant in June, 2004. The leaf essential oil was obtained by hydrodistillation of freshly chopped leaves (49.6 g) using a Likens-Nickerson apparatus for 4 h to give 18.4 mg leaf oil.
Experimental

Collection and extraction of plant material:
Chromatographic separation of bark extract:
The crude acetone bark extract (30.3 g) was subjected to preparative flash chromatography using 230-400 mesh silica gel column, 87 cm in length x 5 cm in diameter. Elution was carried out using a n-hexane/ethyl acetate (EtOAc) step gradient ( Figure 1 ). Fractions were collected in 200 mL portions. The eluates were analyzed by thin layer chromatography (TLC) on silica gel, eluting with n-hexane/EtOAc). Ilicic acid was recrystallized from fractions 37 and 38, as a yellow powder, yield 238.5 mg.
Combined fractions 7-8 (5.0755 g) were subjected to chromatographic separation on a silica gel (230-400 mesh) column, 68 cm x 3.5 cm, eluting with. a n-hexane/EtOAc step gradient (20 mL/fraction). Costic acid (1.5 mg) and a mixture (17 mg) of costic acid and 3-isocostic acid were isolated.
Gas chromatography-mass spectrometry:
The leaf essential oil of N. membranacea was subjected to gas chromatographic-mass spectral analysis using an Agilent 6890 GC with Agilent 5973 mass selective detector, fused silica capillary column (HP-5ms, 30 m x 0.25 mm); helium carrier gas, 1.0 mL/min flow rate; injection temperature 200 o C; initial oven temperature 40 o C, held for 10 min, increased at 3 o C /min to 200 o C, then increased by 2 o C/min to 220 o C, and interface temp 280 o C; EIMS, electron energy, 70 eV. The sample was dissolved in CH 2 Cl 2 to give a 1% w/v solution; 1μL injections, using a splitless injection technique, were used. Identification of oil components was achieved based on their retention indices (determined with reference to a homologous series of normal alkanes), and by comparison of their mass spectral fragmentation patterns with those reported in the literature [11] and stored on the MS library [NIST database (G1036A, revision D.01.00)/ChemStation data system (G1701CA, version C.00.01.08)].
Bioactivity screening: Cytotoxicity screening was carried out against human Hep G2 hepatocellular carcinoma cells and human MDA-MB-231 breast adenocarcinoma cells, as previously described [2] . Crude extracts and ilicic acid were screened for antimicrobial activity against the bacteria, Bacillus cereus and Staphylococcus aureus, and the fungus Candida albicans. Minimum inhibitory concentrations (MIC) were determined using the microbroth dilution technique [2] .
NMR spectroscopic measurements:
1 H NMR, gCOSY, gHSQC, gHMBC and NOESY spectra were recorded in CDCl 3 on a Varian Unity Inova 500 spectrometer, operating at 500 MHz. The 13 C NMR spectra were obtained at 125.7 MHz.
Supplementary data: Complete NMR spectroscopic assignments for ilicic acid, costic acid, and 3-isocostic acid; experimental protocols for bioactivity screening.
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